The ideal way to determine the defect in insulin secretion in diabetes mellitus would be to isolate and study the pancreatic islets of normal and diabetic subjects. Because of the great difficulty in obtaining suitable human pancreatic tissue, as well as the difficulty in isolating human islets, the majority of studies have employed pancreatic tissue from various species of animals. The tacit assumption is made that animal islets have many characteristics in common with human islets. However, each investigator seems to have his own preference with respect to both the animal species used, as well as the experimental design employed. One might ask if there is one particular species whose islets most closely resemble those of man and whether one particular experimental design gives the most relevant information about the behaviour of the islets.
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Injection of the test substances into the intact animal gives some important information about its effect on insulin secretion. One limitation of this procedure is that the effect on insulin secretion may be a secondary rather than a primary effect of the substance. Thus, although ribose stimulates insulin secretion in intact dogs, it is as effective when injected into the right atrium as it is when injected into the pancreatic artery [1] . This suggests that the effect of this sugar on insulin output is due to an initial action at a site other than the pancreatic B cell.
In order to circumvent this problem, investigators have devised various in vitro systems. In the first of these systems, segments of animal pancreas were incubated in a flask with appropriate media and insulin secretion measured by bio-or, preferably, radioimmunoassay [2] . In systems in which rabbit or golden hamster (hamster) pancreas were studied, there was minimum degradation of secreted insulin by pancreatic proteolytic enzymes [2, 3] . In systems using rat pancreas, there was substantial degradation of secreted insulin; however, even in the case of rat pancreas, this problem can be circumvented by employing insulin antiserum in the incubation flask [4] .
In the second system, used to evaluate in vitro insulin secretion, the pancreatic islets are isolated from the acinar pancreas by either microdissection or the collagenase digestion technique [5, 6] . Although the microdissection technique has yielded very important information, it has the limitation that the microdissected islets usually come from obese hyperglycaemic mice (ob/ob) [6] . These mice cannot be considered to be truly normal mice, as they have marked insulin resistance and their islets secrete large quantities of insulin [6] . The collagenase isolation technique also has some limitations; for the collagenase preparation usually contains a variety of proteolytic enzymes. These enzymes may modify the surface structure of the islets. When compared with microdissected islets, collagenase-isolated islets show an increase or a decrease in basal and/or glucose-stimulated insulin secretion [6, 7] . Collagenase-isolated islets in a perifusion system respond to glucose or arginine stimulation, in a similar way to the isolated perfused pancreas [8] . However, though somatostatin inhibits glucose-stimulated insulin secretion from the perfused pancreas, it does not alter glucosestimulated insulin secretion from the perifused collagenase-isolated islets. This lack of inhibition may reflect subtle damage of the B cell membrance during the isolation procedure. Thus, although collagenaseisolated islets are invaluable for biochemical studies of the islets, they have possible limitations with respect to secretion studies.
The third in vitro system is the isolated perfused pancreas system [9] . This has been very useful for carrying out dynamic secretions studies and probably gives the most reliable information about secretion. Because of the intact acinar tissue, it cannot be used for biochemical studies on the islets.
The fourth in vitro system is the tissue culture of pancreatic islets [10, 11] . During this process, the cultured islets may lose some of the properties they have when removed from the intact organism. However, this system may prove increasingly useful in the future.
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Editorial Thus, one must take into account the particular experimental design used when one compares the response of islets from different species to the same stimulus. There remain, however, striking differences in the response of islets from different species to circulating substances (glucose and ketone bodies), intracellular substances (xylose and inosine), drugs (ethanol), and regulatory monoamines and their antagonists (norepinephrine, dopamine, isoproterenol, serotonin, haloperidol, methysergide, and cyproheptadine).
Glucose is one of the most consistently effective stimuli for insulin secretion. It stimulates insulin secretion from amphibian (organ culture) to man (isolated islets) [12, 13] . In some species, such as the chicken (segments), glucose is effective only at very high concentrations (500-700 mg/dl) [14] . Although glucagon, theophylline, and dibutyryl cyclic AMPstimulate insulin release from human foetal pancreas (segments), glucose is ineffective [15] . Glucose stimulates insulin in a biphasic manner in almost all species evaluated. There are however qualitative differences in the second phase in different species. Using isolated perfused pancreas systems, the rat has a rising second phase, while the golden and chinese hamster both have a steady state second release phase [9, 16, 17] . Intravenous glucose results in a steady state second release in man [18] . Although this might be attributed to blunting of the rising second phase by hepatic insulin uptake, the second phase pattern in the human portal vein is steady state in character [19, 20] .
Madison et al. demonstrated that infusion of the ketone bodies, 3-hydroxybutyrate and acetoacetate, stimulated insulin secretion in dogs [21] . They suggested that this may be an important feedback mechanism for the control of lipolysis in the fasting state. Infusions of 3-hydroxybutyrate or acetoacetate stimulate insulin release in intact rats, and 3-hydroxybutyrate stimulates insulin release from rat pancreas segments [22, 23] . Neither ketone body stimulates insulin release from segments of rabbit pancreas [2] . 3-Hydroxybutyrate, but not acetoacetate, stimulates insulin secretion in man [24, 25] .
Field et al. demonstrated an active pentose phosphate cycle in a human islet cell tumour, raising the possibility that a pentose intermediate of the cycle may be a signal for insulin release [26] . Intravenous xylitol stimulates insulin secretion in dogs, but does not alter insulin secretion in rabbits or man [27, 28, 29] . Xylitol stimulates insulin secretion from isolated rat islets, but not from perfused rat pancreas, rat pancreas segments or rat pancreas organ cultures [4, 10, 30, 31] . Xylitol does not stimulate insulin secretion from isolated mouse islets [32] .
Inosine is a potent stimulator of insulin secretion from isolated mouse islets [33] . The mechanism of the stimulation appears to be conversion of the intracellular inosine to hypoxanthine and ribose-1-phosphate through the action of islet nucleoside phosphorylase. The ribose part of the inosine molecule is then further metabolized through the pentose phosphate cycle [33] . This concept is supported by the observations of Campbell and Taylor that inosine stimulates insulin release from rat, but not rabbit, islets; rat islets contain nucleoside phosphorylase activity, while rabbit islets do not contain this enzyme [34] . In contrast, Jain and Logothetopoulos reported that inosine stimulates insulin secretion from mouse, but not rat, islets [35] . The importance of the experimental design is reinforced by the apparent conflicting results; for Campbell and Taylor used one-hour incubation periods in a physiological buffer, while Jain and Logothetopoulos used a 14-hour incubation in a tissue culture medium [35] .
Ethanol inhibits glucose-stimulated insulin secretion from intact rats, hamster and rabbit pancreas segments, and isolated rat islets [36, 37, 38] . Ethanol also inhibits tolbutamide-stimulated insulin secretion from intact rats, but not from rabbit pancreas segments [36, 37] . In contrast, ethanol potentiates glucose-stimulated insulin secretion in intact man and pigs [39, 40] . This difference may be due to formation of the principal metabolites of ethanol, acetaldehyde and acetate. Acetaldehyde inhibits glucosestimulated insulin secretion from rabbit, but not hamster, pancreas segments [37] . Acetate stimulates insulin secretion from hamster, but not rabbit, pancreas segments and potentiates glucose-stimulated insulin secretion in intact rats [36, 37] .
There is considerable species variation in the quantity and type of monoamines (norepinephrine, dopamine and serotonin) in the pancreatic islets [41, 42] . Combined pharmacological and histological studies have shown that even animals that do not have stainable monoamines in their islets under basal conditions have a monoaminergic system in their islet cells [41, 42] . There is also substantial species variation in the islet uptake of monoamines and their precursors, as well as in the content of the monoamine regulating enzyme, monoamine oxidase [43, 44] .
A popular current concept is that the catecholamine control of insulin secretion is through an interaction between beta and alpha adrenergic receptors on the pancreatic B cell. Alpha adrenergic agonists, such as norepinephrine, are said to inhibit insulin secretion, and beta adrenergic agonists, such as isoproterenol, stimulate insulin secretion [45, 46] . In almost all species studied, noradrenaline has consistently inhibited insulin secretion [46] . The observations with isoproterenol are more variable. Isoproterenol is a potent stimulus of insulin secretion in intact man and sheep and in the perfused dog pan-creas [47, 49] . Isoproterenol is a weak stimulus for insulin secretion from perfused rat pancreas; it inhibits insulin secretion from segments of hamster and rabbit pancreas [3, 49, 50] .
The indolamine, serotonin, inhibits glucosestimulated insulin secretion from hamster, rabbit, and mouse pancreas and from intact rabbits [3, 51] . Serotonin is a more potent inhibitor of insulin secretion from hamster pancreas than from rabbit or mouse pancreas [51] . This is due to the fact that the adrenergic nerves in hamster islets contain more norepinephrine than is found in rabbit or mouse islets. Serotonin is able to release this endogenous norepinephrine. Serotonin also stimulates insulin secretion from the intact dog [52] , but the effect of serotonin on insulin secretion in intact man is equivocal. Various studies suggest that serotonin potentiates, inhibits, or has no effect on glucosestimulated insulin secretion [52] [53] [54] . These apparent discrepancies may be due to differences in experimental design.
There are a number of species differences in the effect of the monoamine antagonists on insulin secretion. The dopamine antagonist, haloperidol, has no effect on insulin secretion from rabbit pancreas segments, but inhibits insulin secretion from the perfused dog pancreas [3, 55] . One patient who was receiving haloperidol had a severe spontaneous hypoglycaemic episode, accompanied by a marked elevated plasma insulin concentration [56] .
The serotonin and histamine antagonist, cyproheptadine, inhibits insulin secretion from intact rats, from perifused rat islets and from hamster pancreas segments [57] [58] [59] . At the concentration used for in vitro studies, cyproheptadine is an effective monoamine oxidase inhibitor, and there is some evidence that this action may play a role in its inhibitory effect on insulin secretion from hamster pancreas [59] . In contrast, cyproheptadine potentiates glucose-stimulated insulin secretion from segments of rabbit pancreas, but has no effect on glucose-stimulated insulin secretion in intact man [3, 60] . In therapeutic doses, cyproheptadine does not inhibit MAO in intact man [611.
Another serotonin antagonist, methysergide also potentiates insulin secretion from pieces of rabbit pancreas, but does not alter insulin secretion from pieces of hamster pancreas (methysergide is a very weak MA| inhibitor.) [3, 59] . As with cyproheptadine it does not alter glucose-stimulated insulin secretion in normal man [62] .
It is obvious that there are great differences in the response of islets from different species. Although there are some possible mechanisms suggested for some of these differences (inosine, ethanol), the majority of the differences are presently inexplicable. The response to various agents is so diverse that one cannot presently determine which animal species has islets that most closely resemble those of man. Until this question has been resolved, it is preferable that we continue to conduct our studies on pancreatic islets from a variety of species and not restrict ourselves to a species that is, perhaps, not the most appropriate one for our major attention.
